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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic-head equipment using the semi-conductor 
magnetosensitive nature component and it which detect a magnetic field about the magnetic-head 
equipment which used a semi-conductor magnetosensitive nature component and it by impressing a 
magnetic field to the semi-conductor layer between an emitter magnetic-substance electrode and a 
collector magnetic-substance electrode especially. 
[0002] 

[Description of the Prior Art] Although what is necessary is to demand improvement in the memory 
capacity of external storage, for example, just to make storage area per bit detailed with an advance of 
computer technology in recent years in order to be increase of the memory capacity of a magnetic disk 
drive, since the magnetic flux generated at the same time it makes storage area detailed also becomes 
small, for read-out of information, the magnetosensitive nature component which can detect a minute 
magnetic field is needed. 

[0003] Although the magnetosensitive nature component used for the conventional magnetic head is a 
MR (Magneto-Resistance) component using resistance change of the metal membrane by the magnetic 
field, it has the problem that this MR component has the small rate of the resistance change by the 
magnetic field, and the output to a minute magnetic field is small. 

[0004] For example, although the generating magnetic flux per bit is considered to be 2x10-15 Wb 
extent with the magnetic disk drive of 1 0 Gbit/in2 (about 1.55 Gbit/cm2), supposing the recording 
density utilization will be expected to be around A.D. 2000 uses the present MR head at this time, about 
-16dB loss of power is predicted, and there is a problem of read -out of information becoming 
impossible. 

[0005] Although various kinds of magnetosensitive nature components which raised the sensibility to a 
magnetic field are proposed in order to solve such a problem, for the improvement in dependability, a 
semi-conductor is the optimal as a material of the viewpoint that use of a single crystal is desirable and 
the ultra-fine processing technology which became skilled can be used to a magnetosensitive nature 
component. 

[0006] As a magnetosensitive nature component using such a semi-conductor, an emitter magnetic- 
substance electrode and a collector magnetic-substance electrode are arranged face to face on a semi- 
conductor layer, and the semi-conductor magnetosensitive nature component which is made to modulate 
tunnel resistance and detects a magnetic field is proposed by rotating the magnetization direction in a 
magnetic-substance electrode by the magnetic field (refer to JP,6-9753 1,A, if required). 
[0007] That is, while injecting into a semi-conductor layer the electron which magnetized and carried 
out spin polarization of the emitter magnetic-substance electrode through an emitter barrier layer, the 
magnetization direction of a collector magnetic-substance electrode is rotated by the magnetic field of a 
magnetic disk, and a magnetic field is detected by controlling the amount of the electron which tunnels a 
collector barrier layer according to the magnetization direction of a collector magnetic-substance 
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electrode, and reaches a collector magnetic-substance electrode. 
[0008] 

[Problem(s) to be Solved by the Invention] However, in such a semi-conductor magnetosensitive nature 
component, since it is thought that the upper limit of the working speed will be decided at the imitation 
rate of magnetization of a magnetic-substance electrode, and the frequency is about 100MHz in order to 
rotate the magnetization direction of the magnetic-substance electrode itself by the magnetic field, it 
cannot necessarily be said to be sufficient working speed. 

[0009] Therefore, this invention aims at being able to follow in footsteps of high-speed magnetic field 
change, and offering the magnetic-head equipment using a semi-conductor magnetosensitive nature 
component and it with high sensibility. 
[0010] 

[Means for Solving the Problem] With reference to drawing 1 thru/or drawing 3 , The means for solving 
a technical problem in this invention is explained. In addition, drawi ng 1 is the explanatory view of the 
theoretic configuration of this invention, and drawing 2 is the explanatory view of the principle of 
operation of the semi-conductor magnetosensitive nature component of this invention, and drawing 3 is 
the explanatory view of the property of the semi-conductor magnetosensitive nature component of this 
invention further. 

[001 1] The emitter electrode 2 with which drawing 1 reference (1) this invention consists of the 
magnetized magnetic substance which pours in the electron which carried out spin polarization to either 
on the same field of the semi-conductor layer 1, or the field which counters into this semi-conductor 
layer 1 in a semi-conductor magnetosensitive nature component, While arranging one or more collector 
electrodes 3 which consist of the magnetized magnetic substance which collects the poured-in electrons 
face to face, it is characterized by making it impress a magnetic field B to the semi-conductor layer 1 
between the emitter electrode 2 and a collector electrode 3. 

[0012] Thus, since the spin relaxation time amount of the electron which was not made to rotate the 
magnetization direction M of the magnetic substance by the detected magnetic field B, but was injected 
into the semi-conductor layer 1 is controlled, the upper limit of a working speed will be determined at 
the travel speed of the electron in the semi-conductor layer 1, and the imitation to a high-speed magnetic 
field change is attained. 

[0013] This situation is explained with reference to drawing 2 . 

When the drawing 2 (a) reference emitter electrode 2 and a collector electrode 3 are made to magnetize 
upward, the energy of the electron in the emitter electrode 2 which consists of the magnetic substance, 
and a collector electrode 3 The electron 7, i.e., the rise spin electron, of upward spin, It will differ, the 
electron 6, i.e., the down spin electron, of downward spin, and is Fermi level EF. Supposing it is on the 
band gap of the rise spin electron 7 and the band of the rise spin electron 7 is choked up completely, 
only the down spin electron 6 will contribute to a current. 

[0014] Although the electron by which tunnel impregnation is carried out becomes the semi-conductor 
layer 1 only with the down spin electron 6 through the emitter barrier layer 4 and it is in the condition of 
having started the so-called spin polarization if an electrical potential difference is impressed between 
this emitter electrode 2 and collector electrode 3 It will ease, while running the inside of the semi- 
conductor layer 1 toward a collector electrode 3, and the sense of the spin of the poured-in electron will 
become the both same number, and this spin relaxation time amount or spin diffusion length will be 
dependent on the sense and reinforcement of a magnetic field B. 

[0015] When the downward magnetic field B is impressed to the semi-conductor layer 1 between the 
emitter electrode 2 and a collector electrode 3 here, the relaxation time of the down spin electron 6 
becomes long, the collector barrier layer 5 will be tunneled, with downward spin maintained, a collector 
electrode 3 will be reached, but since there is an empty band for the down spin electron 6 in a collector 
electrode 3, a tunnel becomes possible and a current flows. 

[0016] When referring to drawing 2 (b), however the magnetic field B impressed are upward, the 
relaxation time of the down spin electron 6 becomes short, and the rate of the electron which reaches a 
collector electrode 3, with downward spin maintained decreases. 
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[0017] And although the rise spin electron 7 and the electron which became tend to tunnel the collector 
barrier layer 5 and tends to reach a collector electrode 3 while running the inside of the semi-conductor 
layer 1, since it is full of the band for the rise spin electron 7 in a collector electrode 3, a tunnel becomes 
impossible, and a current will not flow. 

[0018] wanting to carry out drawing 3 reference and detecting change of tunnel resistance R by this 
magnetic field B as a current value change - a magnetic field B — facing up -- or facing down is 
detectable, and when a magnetic field B is downward, Resistance R is small, and Resistance R becomes 
large when a magnetic field B is upward. In addition, since the working speed in this case will be 
determined by the distance between the emitter electrode 2 and a collector electrode 3, high-speed 
operation becomes possible conventionally. 

[0019] (2) Moreover, it is characterized by the distance of this invention between the emitter electrode 2 
and a collector electrode 3 being comparable as spin diffusion length in the above (1). 
[0020] In a semi-conductor magnetosensitive nature component like this invention, if the distance 
between the emitter electrode 2 and a collector electrode 3 is too shorter than spin diffusion length (spin 
relaxation time amount in case a magnetic field is 0) (electronic rate), i.e., x, a collector electrode 3 will 
be reached with the sense of spin when almost all electrons are poured in irrespective of the direction of 
a magnetic field B maintained, and a difference will not arise in resistance. 

[0021] Moreover, since it eases completely and a difference stops arising in resistance even if too not 
much long conversely, when it is desirable that it is about 1 -several spin diffusion length and 
comparable, i.e., spin diffusion length and this order, micrometers as for the distance between the 
emitter electrode 2 and a collector electrode 3 and it makes an electronic rate 107 cm / second, the 
working speed of 10 - dozens picoseconds (ps) will be obtained. In addition, it depends for this spin 
diffusion length's value on the layer structure of the ingredient which constitutes a semi-conductor layer, 
or a semi-conductor layer. 

[0022] (3) Moreover, in the above (1) or (2), this invention contains the heterojunction which the semi- 
conductor layer 1 becomes from the semi-conductor with which band gaps differ mutually, and is 
characterized by connecting electrically the 2-dimensional carrier gas which occurs near [ this ] the 
heterojunction interface, the emitter electrode 2, and the collector electrode 3. 
[0023] Thus, a heterojunction is prepared into the semi-conductor layer 1 which constitutes a semi- 
conductor magnetosensitive nature component. The 2-dimensional carrier gas of high mobility which 
occurs near [ this ] the heterojunction interface, Namely, two dimensional electron gas (it originates in 
the difference of the electron affinity of the semi-conductor which constitutes a heterojunction, and 
generates), Moreover, high-speed operation becomes [ rather than ] possible using a bulk semiconductor 
by using 2-dimensional electron hole gas (it originating in the difference of the electron affinity + band 
gap of the semi-conductor which constitutes a heterojunction, and generating). 

[0024] Moreover, since spin diffusion length also becomes large and can lengthen distance of the emitter 
electrode 2 and a collector electrode 3 by using the 2-dimensional carrier gas of high mobility, the 
process tolerance at the time of forming the emitter section and the collector section is eased. 
[0025] (4) Moreover, this invention is characterized by preparing the flux guide to which magnetic flux 
is led to the semi-conductor layer 1 of a semi-conductor magnetosensitive nature component in the 
magnetic-head equipment which used the above (1) thru/or either of (3). 

[0026] In case magnetic-head equipment is constituted using the semi-conductor magnetosensitive 
nature component of this invention, magnetic field detection precision can be improved by using a flux 
guide like conventional magnetic-head equipment. 
[0027] 

[Embodiment of the Invention] With reference to drawing 4 , the gestalt of operation of the 1st of this 
invention is explained. 

Law (molecular beam epitaxy) is used, drawing 4 3 ** - first ~ MOVPE - law (metal -organic chemical 
vapor deposition) or MBE — On the half-insulation InP substrate 1 1, the undoping 
In0.52aluminum0.48 As buffer layer 12 with a thickness of 0.5 micrometers, High impurity 
concentration by 20nm in thickness by lOnm in the with 1x1018cm - a thickness [ 20nm in the Si dope n 
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mold InO.52aluminumO.48As layer 13 of 3, and thickness ] undoping In0.53Ga0.47 As channel layer 14, 
and thickness Si dope n+ of lxl019cm-3 [ high impurity concentration ] The laminating of a mold 
In0.53Ga0.47 As layer and the undoping In0.52aluminum0.48 As layer with a thickness of 5nm it is thin 
in a tunnel barrier layer is carried out one by one. 

[0028] Subsequently, n+ prepared in the undoping In0.52aluminum0.48 As layer which turns into a 
tunnel barrier layer by using a photoresist mask (not shown) as a mask, and the bottom of it Opening 
which should etch a mold InO.53GaO.47As layer and should impress the magnetic field whose spacing is 
1-10 micrometers, for example, 2.0 micrometers, is formed. 

[0029] Subsequently, while carrying out mesa etching of a part of undoping In0.52aluminum0.48 As 
layer which turns into a barrier layer by using a new photoresist mask (not shown) as a mask thru/or 
undoping In0.52aluminum0.48 As buffer layer 12 and performing isolation n+ The emitter section which 
consists of a mold InO.53GaO.47As layer 15 and an undoping In0.52aluminum0.48 As emitter barrier 
layer 16, And n+ The collector section which consists of a mold In0.53Ga0.47 As layer 17 and an 
undoping InO.52aluminumO.48As collector barrier layer 18 is formed. 

[0030] In addition, this n+ The depletion layer of the shot key barrier was greatly extended in the 
undoping InO.53GaO.47As channel layer 14, and the mold InO.53GaO.47As layers 15 and 17 are formed 
in order to make it the tunnel barrier not become thick too much. 

[003 1] Subsequently, since magnetization of Co emitter magnetic-substance electrode 19 and Co 
collector magnetic-substance electrode 21 is fixed on it after carrying out the mask deposition of the 
magnetic metal membrane which consists of 5-500nm in thickness, and a 20nm Co (cobalt) thin film 
and forming Co emitter magnetic-substance electrode 19 and Co collector magnetic-substance electrode 
21 in the emitter section and the collector section, 5-500nm in thickness and the 20nm MnFe 
magnetization fixed beds 20 and 22 are formed. 

[0032] In addition, impressing a magnetic field, the mask deposition of the Co thin film may be carried 
out, and you may be magnetized in the same direction, and the magnetization method of Co emitter 
magnetic-substance electrode 19 in this case and Co collector magnetic-substance electrode 21 may 
impress a magnetic field after mask deposition, and may magnetize it in the same direction. 
[0033] Thus, in the formed semi-conductor magnetosensitive nature component, [ near / which was 
formed between the n mold InO.52aluminumO.48As layer 13 and the undoping In0.53Ga0.47 As channel 
layer 14 / the heterojunction interface ], it originates in the difference of the electron affinity between 
In0.52aluminum0.48 As and InO.53GaO.47As, and the two dimensional electron gas layer 23 is formed. 
[0034] And by impressing an electrical potential difference between the emitter section of this semi- 
conductor magnetosensitive nature component, and the collector section As drawing 2 was explained, 
tunnel impregnation of the electron which carried out spin polarization according to magnetization into 
the undoping InO.53GaO.47As channel layer 14 from Co emitter magnetic-substance electrode 19 is 
carried out. This electron by which tunnel impregnation was carried out will run the inside of the two 
dimensional electron gas layer 23 at high speed, will tunnel the undoping InO.52aluminumO.48As 
collector barrier layer 18, and will reach Co collector magnetic-substance electrode 21. 
[0035] In this case, although distance of Co emitter magnetic-substance electrode 19 and Co collector 
magnetic-substance electrode 21 is set to 1-10 micrometers of this order with electronic spin diffusion 
length so that the effectiveness of the spin relaxation by the magnetic field may be acquired enough 
Since the two dimensional electron gas layer 23 of high mobility is used and the spin diffusion length to 
whom it is expressed with x (spin relaxation time amount in case a magnetic field is 0) (electronic rate) 
becomes long, allowance is made to process tolerance and the manufacture yield improves. 
[0036] Moreover, if the rate of the electron in the two dimensional electron gas layer 23 is made into 
107 cm / second, the transit time of the poured -in electron serves as 10-100ps, and can follow in 
footsteps of high-speed magnetic field change. 

[0037] In addition, in explanation of the gestalt of the 1st operation of the above, although the emitter 
electrode and the collector electrode are prepared on the same field of the semi-conductor layer 14, i.e., 
an undoping InO.53GaO.47As channel layer As it is not restricted to such a configuration and the 
theoretic configuration of drawing 1 was shown, an emitter electrode and a collector electrode may be 
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prepared on the field where bulk half conductor layers, such as an InGaAs semi-conductor layer, 
counter, and the thickness of a bulk half conductor layer serves as electronic mileage in this case. 
[0038] Moreover, in explanation of the gestalt of the 1st operation of the above, although Co emitter 
magnetic-substance electrode 19 and Co collector magnetic-substance electrode 21 are magnetized in 
the same direction, it may be magnetized in the mutually different direction and the property that the 
magnetic field dependency of resistance is opposite to the property of drawing 3 is acquired in this case. 
[0039] Thus, what is necessary is to prepare the MhFe magnetization fixed bed on it, after magnetizing 
one electrode, to magnetize the electrode of another side and just to prepare the magnetization fixed bed 
on it subsequently to an opposite direction, in order to magnetize Co emitter magnetic-substance 
electrode 19 and Co collector magnetic-substance electrode 21 in the mutually different direction. 
[0040] In this case, in case the electrode of another side is magnetized to an opposite direction, it is 
desirable to use the bigger magnetic substance as one electrode than that of coercive force so that the 
magnetization direction of one electrode may not change. 

[0041] Moreover, in the gestalt of the 1st operation of the above, although Co is used as a magnetic- 
substance electrode, magnetic compounds, such as other magnetic-substance metals, for example, Fe(s) 
and nickel, these alloys, or a ferrite, may be used, and NiO, CoO/NiO multilayers, etc. may be further 
used instead of MnFe as the magnetization fixed bed. 

[0042] Moreover, in explanation of the gestalt of the 1st operation of the above, although the mask 
deposition of a magnetic-substance thin film and the magnetization fixed bed is carried out after mesa 
etching After growing up each semi-conductor layer, a magnetic-substance thin film and the 
magnetization fixed bed are made to deposit on the whole surface, first, patterning of a magnetic- 
substance thin film and the magnetization fixed bed is carried out, and an emitter electrode and a 
collector electrode are formed. Subsequently The undoping In0.52aluminum0.48 As layer and n+ 
between an emitter electrode and a collector electrode After removing a mold InO.53GaO.47As layer, 
Mesa etching which reaches the undoping In0.52aluminum0.48 As buffer layer 12 is performed, and it 
may be made to perform isolation. 

[0043] Next, magnetic-head equipment using such a semi-conductor magnetosensitive nature 
component as the magnetic head is explained briefly. What is necessary is to prepare a flux guide that a 
magnetic field should just be made to be impressed in the direction of thickness to the undoping 
In0.53Ga0.47As channel layer 14, as used for conventional magnetic-head equipment, and just to make 
it lead magnetic flux to the undoping InO.53GaO.47As channel layer 14 perpendicularly, when it 
constitutes magnetic-head equipment using the semi-conductor magnetosensitive nature component 
shown in drawing 4 . 

[0044] Thus, since the leakage of magnetic flux decreases while being able to raise flux density by 
preparing a flux guide, it enables detection of a minute magnetic field to produce the magnetic-head 
equipment of high sensitivity easily. 

[0045] Next, with reference to drawing 5 , the gestalt of operation of the 2nd of this invention is 
explained. 

drawing 5 - the fundamental configuration of the semi-conductor magnetosensitive nature component 
of the gestalt of this 2nd operation is completely the same as the configuration of the semi-conductor 
magnetosensitive nature component of the gestalt of operation of the above 1st 3 **, and difference is in 
the point of having prepared the 1st collector magnetic-substance electrode 33 and the 2nd collector 
magnetic-substance electrode 34 which were made magnetizing in the direction which divided the 
collector electrode and is mutually different to one emitter magnetic-substance electrode 32. 
[0046] In this case, although detection sensitivity can be raised by carrying out the differential amplifier 
of the detection output of the 1st collector magnetic-substance electrode 33 and the 2nd collector 
magnetic-substance electrode 34, it can use also not as a mere magnetic sensing element but as a 
switching element. 

[0047] That is, if the direction of a magnetic field is the same as the magnetization direction of the 
emitter magnetic-substance electrode 32, since a current will flow to the 1st collector magnetic- 
substance electrode 33 side if the direction of a magnetic field is opposite to the magnetization direction 
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of the emitter magnetic-substance electrode 32, and a current will flow to the 2nd collector magnetic- 
substance electrode 34 side conversely, it is switchable with the direction of a magnetic field. 
[0048] In addition, it is the same as that of replacement of each component in the gestalt of the 1st 
operation, or modification of a production process also about replacement of each component in the 
gestalt of this 2nd operation, or modification of a production process. 

[0049] Moreover, in explanation of the gestalt of the above-mentioned operation, although the semi- 
conductor magnetosensitive nature component is constituted from an InGaAs/InAlAs system which used 
big IriGaAs of electron mobility as the channel layer It is what is not restricted to an InGaAs/InAlAs 
system and may use other semi-conductors, such as a GaAs/AlGaAs system. Moreover, also when 
preparing an emitter electrode and a collector electrode on the same side of a semi-conductor layer, a 
semi-conductor layer may consist of bulk semiconductors which do not use two dimensional electron 
gas. 

[0050] Furthermore, although the example which used the electron as the carrier using the n-type 
semiconductor in explanation of the gestalt of the above-mentioned operation is explained, to use 2- 
dimensional electron hole gas especially, it is required [ a p type semiconductor is used instead of a n- 
type semiconductor, and it is good also considering an electron hole as a carrier, and ] to make it the 
relation a 2-dimensional electron hole gas reservoir can do the sum of the electron affinity in a channel 
layer and a carrier supply layer and a band gap. 
[0051] 

[Effect of the Invention] Since an emitter magnetic-substance electrode and a collector magnetic- 
substance electrode are prepared on the same field of a semi-conductor layer, or the field which counters 
and it was made to impress a magnetic field to the semi-conductor layer between an emitter magnetic- 
substance electrode and a collector magnetic-substance electrode according to this invention, clock 
frequency is high, and can obtain the semi-conductor magnetosensitive nature component which 
operates in a low magnetic field, and becomes applicable not only to the read head of magnetic storage 
but various kinds of magnetic field detection equipment or magnetic switching devices. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The emitter electrode which becomes either on the same field of a semi-conductor layer, or 
the field which counters from the magnetized magnetic substance which pours in the electron which 
carried out spin polarization into said semi-conductor layer, The semi-conductor magnetosensitive 
nature component characterized by making it impress a magnetic field to said semi-conductor layer 
between said emitter electrodes and said collector electrodes while arranging one or more collector 
electrodes which consist of the magnetized magnetic substance which collects said poured-in electrons 
face to face. 

[Claim 2] The semi-conductor magnetosensitive nature component according to claim 1 to which 
distance between the above-mentioned emitter electrode and the above-mentioned collector electrode is 
characterized by being comparable as spin diffusion length. 

[Claim 3] The semi-conductor magnetosensitive nature component according to claim 1 or 2 
characterized by connecting electrically the 2-dimensional carrier gas which contains the heteroj unction 
which the above-mentioned semi-conductor layer becomes from the semi-conductor with which band 
gaps differ mutually, and occurs near [ said ] the heterojunction interface, the above-mentioned emitter 
electrode, and the above-mentioned collector electrode. 

[Claim 4] Magnetic-head equipment characterized by preparing the flux guide which leads magnetic 
flux to the semi-conductor layer of said semi-conductor magnetosensitive nature component in the 
magnetic-head equipment using a semi-conductor magnetosensitive nature component given in claim 1 
thru/or any 1 term of 3. 

[Translation done.] 
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